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Miii.Ti-ciiAi^NKL  pRf:ssiiRF.  iT;i.KMP;TKy  sysTi'M  FOR  i5a::i: 
PRESSURE  nk.\suremi;nts  on  small  models 


by 

George  S.  Plek  and  Saimiel  E.  Dawaon 
Naval  Ship  Research  and  Developinent  Center 

ABSTRACT 

Effects  of  close  proxirr.ity  on  s Iroultaneouf ly  i>perating  tranaduccr- 
telemetry  units  had  been  systematically  evaluated.  Parameters  such  as 
the  Interaction  as  function  of  transducer-to-transducer  distances, 
center  frequency  spread  and  its  effect  on  the  interaction,  cliange  of 
sensitivity  in  relation  to  center  frequency,  center  frequency  shifts 
as  functions  of  transducer- to-trar.-'ducer  distances,  and  tiie  effects  of 
coimnon  power  supply  and  shielding  have  been  evaluated. 

Tlie  results  showed  that  the  interaction  increases  .ipproxlmately  as 
the  inverse  square  of  the  distance.  TIte  center  frequency  spread  has 
the  most  significant  effect  on  the  interaction.  If  7FriZ  or  larger 
frequency  spacing  is  maintained  the  maximum  error  is  +8  percent  for 
the  pressure  range  of  0.5  to  2.0  mm  llg.  The  measured  data  can  be 
corrected  by  an  Interaction  matrix  method  and  yield  errors  in  tlie  order 
of  a few  percent  depending  on  the  accuracy  of  calibration. 

INTRODUCTION 

Tlicre  is  considerable  interest  in  the  base  flow  characteristics 
of  inissil>.*s  and  aircraft.  Unfortunately,  these  characteristics  cannot 
be  accurately  determined  by  the  usual  wind-tunnel  techniques  since  the 
data  must  be  free  of  nujdel  support  interferences.  A possible  alterna- 
tive involves  telemetering  the  data  from  free-flying,  magnet ically- 
.suspended,  or  thin-strap-supported  models.  In  small  wind  tunnels  where 
there  are  severe  limitations  on  model  size,  telemetering  several 
pressures  or  temperatures  simultaneously  results  in  problems  associated 
with  the  effects  of  close  proximity  of  the  transducer-telemetry  units. 
The  systematic  evaluation  and  the  possible  elimination  of  these  effects 
Is  the  subject  of  the  present  Investigation. 
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ParanwLiTs  auch  aa  Ll>e  IntoracLlon  as  a function  of  iranailucor- 
to- transducer  distances,  center  frequency  spacing  and  its  cffecl  on 
t!ie  interaction,  change  of  sensitivity  in  relation  to  cenicr  frequency, 
center  frequency  sltifts  us  functions  of  t ransducer- to- transducer 
distances,  and  tlie  effects  of  conmon  power  supply  and  sltielding  liavc 
been  studied. 

Four  low-pressure  t runsducer- telemel  ry  units  wiiicli  were  specially 
made  by  the  Jet  Propulsion  t,abor,itory  l)ased  on  It.  C.  Harrison's  design 
(Reference  1)  were  used  In  the  study. 

Although  the  present  work  does  not  contrihute  to  the  advancevient 
of  teletwitry  circuit  design  or  fabrication  teclinology,  it  is  believed 
to  be  the  fiijt  attempt  to  systeraaticaliy  evaluate  the  effects  of 
close  proximity.  in  this  respect  the  authors  wished  to  complement 
the  earlier  works  of  Harrison  (Reference  1)  and  Choate  (Referijnce  2) 
wlio  independently  developed  and  tested  the  units  capable  of  measuring 
pressures  and  heat  transfer  in  free  fliglit  wind  tunnel  models  over  wide 
speed  ranges  and  accelerations.  However,  Ilarrl3i>n  used  a single  unit 
in  liis  model  and  Choate's  models  were  quite  large  (3.8  and  4.8  inch 
base  diameter,  9.2  and  11.3  inches  long)  compared  to  the  model  sicc 
used  in  the  present  investigation  (2  Inch  l)ase  diameter,  6 inches  long) 
so  interaction  due  to  close  proximity  did  not  play  a significant  role. 

DESCRIFflON  AND  CALIBRATION  OF  EQUIPMENT 
Transducer  Calibiation  System 

Tlie  transducer-telemetry  units  were  calibrated  in  a specially 
built  low  pressure  system  consisting  of  two  portable  high  vacuum  pump- 
ing stations,  a precision  bleed-in  valve,  a precision  electronic  mano- 
meter and  assorted  conduits.  The  schematic  diagram  of  the  apparatus 
is  sliown  in  Figure  1. 

The  main  system  consists  of  a meclianical  vacuum  pump  wliich  serves 
to  back  up  a four-inch  diffusion  pump  with  pumping  capacity  of  400  liters/ 
second  and  ultimate  vacuum  capability  of  1 x lO"^  mm  llg.  The  mechanical 
vacuum  pump  is  vibration  insulated  from  the  high  vacuum  port  of  the 
apparatus.  The  high  vacuum  port  is  equipped  with  a gate  valve,  to 
separate  it  from  the  diffusion  pump,  a roughing  ? ine  and  assorted  valves, 
to  connect  it  with  the  mechanical  vacuum  pump,  and  a vent  line  and 
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valve.  The  absolute  pressure  In  the  chamber  Is  measured  by  an  ultra- 
stable  Cayard-Alpert  type  Ionization  gauge.  Two  thermueouplc  gauges 
measure  the  diffusion  pump  exhaust  pressure  and  the  mechanical  pump 
Intake  pressure.  A solenoid  operated  vent  valve  provides  automatic 
opening  and  closing  at  start-up  fur  the  mechanical  pump. 

Tt)u  vacuum  Inst .‘uuientat ion  is  not  used  in  che  calibration  procedure 
itself,  but  TOjrely  provides  a means  of  observing  that  the  system  Is 
lieluw  some  prescribed  critical  pressure  level. 

The  transducers,  to  be  calibrated  in  the  low  pressure  envi ronimint , 
are  placed  In  a bell  jar  atop  the  high  vacuum  port  of  the  diffusion 
pump.  It  was  found  that  the  sealing  action  of  the  Dow  Corning  high 
vacuum  silicone  gi-case  between  tlie  ground  glass  surface  of  the  hell 
jar  and  the  stainless  steel  flange  of  the  high  vacuum  port  is  suffi- 
cient to  achieve  vacuum  levels  in  tiu;  order  of  7 x 10  ^ mm  Hg  after 
a few  ltour.3  of  pumping. 

Controlled  air  bleed-in  is  aclili!ved  through  a calibrated  Cranville- 
Pbi''llps  203  Va’  ialile  Leak,  It  cont.ains  no  organic  seals  thus  elimi- 
nating outgasaing  and  contamLnat ion.  Conductance  of  the  Variable  Leak 

- 10  3 

13  continuously  variable  from  10  cm  /sec  (standard  pressure  and 

3 

temperature)  to  100  cm  /sec  (standard  pressure  and  temperature)  with 

atmospheric  pressure  on  the  Inlet  port.  When  closed,  the  leakage 

-13  3 

conductance  is  less  than  10  cm  /sec. 

The  pressure  standard  used  in  the  calibration  system  is  a 
Datametrlcs  type  1014  Electronic  Manometer  and  type  311-3  Barocel 
capable  of  nH*asuring  pressures  between  0 and  l.O  psi  (31.7  nm  Hg)  on 
seven  consecutive  db  ranges  from  0 to  0.001  psi  to  0-1  psi  range.  For 
tl>e  present  measurements,  a digital  voltmeter  was  utilized  to  permit 
precisions  of  approximately  j^.l  percent  of  full  scale  in  eacli  range 
(0.0001  percent  of  the  full  scale  of  die  transducer  at  the  lowest  range 
of  0 to  0.001  psi)  wirli  ^,01  percent  resolution. 

The  digital  voltmeter  is  (EIAI  Typ'^  5000,  Miidel  26.  138.  This  unit 
has  an  absolute  accuracy  of  0.02  percent  of  Cull  scale  and  an  input 
impedance  greater  tlian  100  MQ  on  the  9.499  volt  full  scale  range) 
connected  to  tiie  external  d.c.  output  poles  of  the  electronic  manometer. 
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Tills  prnvldrs  a ziTii  to  Civo  V d.c.  full  scalu  output  on  oacli  of  the 
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raOf'.us . 

TrarsUMit  rcspijiiao  t Imu  of  the  d.c.  output  voltage  la  two  lallli- 

Sfconds.  Thu  Instruments  have  nugllglblu  t'vsterusls  (0.005  percent 

maximum  excursUtn).  and  continuous  resolution.  The  drift,  even  on 

the  moat  sen.alllvo  ranges,  Is  extremely  small  (les.s  titan  j^.Ol  percent). 

Tt.i-  liiniarlty  of  the  Uaroeel  is  fioiii  +0.1  percent  to  0.05  percent  on 

all  range  positions  except  Lite  0-1  psi  range  where  it  is  j^.3  percent 

full  .scale.  The  iioiae  level  is  less  than  0 05  percent  full  scale. 

-4 

The  temperatut  ■ efleet  ot  zero  ia  leas  than  5 x 10  percent  per  degree 
F.  on  any  sensor  rcngc,  or  the  aenaitlvity  it  ia  0.01  percent  of 
n uding  per  degree  F. 

The  electronic  m.  numeter  and  the  pressure  sensor  was  calibrated 
by  the  National  Bureau  of  Sta  idards  to  within  +0.05  percent.  The 
calihratiun  linc.s  Cor  the  0-0.1  psi  and  0-0.03  psi  scales  are  shown 
In  Figure  2. 

A Veeco  Fkjdel  VS-9  high  vacuum  pumping  station  equipped  with  a 
two-inch  diffusion  pump  provides  const.snt  low  reference  pressure  on 
the  reference  port  of  the  Barttcel.  This  pressure  is  continuously 

iiKiniloretl  on  the  huiU-in  insl  riiirtents  of  tie  VS-9  sy.stirni  and  dous  not 
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exceed  5 X 10  mtn  hg. 

Durini',  the  assemhlv  of  the  vacuum  calibration  system  ex  I rente  care 
was  taken  to  insure  i.iiitimal  leak.igc  and  outgassing.  The  measured 
out  gassing  rate  o.'"  die  assembled  system  without  the  transducers  was 
0.004  jVscc  with  ’he  variable  leak  at  closed  position.  When  all  the 
t r.ansdvicers  were  installed  this  cuntitined  out>;assing  auo  le.ik  rate 

increased  to  0.008  .7soc.  The  ultimate  vacuum  in  this  coni  ij’urat  ion , 

-5 

after  several  hours  of  pumping,  was  determined  to  he  5 10  nim  llg. 

The  leak  rate  was  a near  e.xponencial  functi<.in  of  time  as  illustrated 
in  Fi);ure  3. 

The  currol.ition  equation  may  be  expressed  analy t ieal 1 y within 
+2  percent  a.s 

!’  = Af'^+<J 

where 

P is  in  microns  and  T is  in  seconds. 
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The  variable  leak  calibrat 'on  allowed  that;  below  the  o'lmter 

netting;  of  t' e leakage  rate  Lliruugli  the  valve  was  iieglli'LIile , 

-3  -1 

between  65  ana  /5  It  Increased  from  10  run  llg/soc  to  1.5  x 10  nm 
Ih’/aec,  again  as  a near  exponential  function  of  time. 

Since  the  out gaasinj;  and  leakage  rates  were  small,  stalile  running 
times  of  tlie  order  of  60  .seconds  wore  achieved  wit!. out  pressure  correc- 
tions for  leakage  rate  even  for  pressure  measurements  of  0,5  nm  or 
les.s,  since  even  at  this  pressure  the  leakage  contributed  less  tlian 
0.1  percent  Ilf  the  measured  pressure. 

Teleme  ter  - Tran. sducitr  UiiLls 

Tito  low  pressure  t'‘aiisdueer-teleiiif;try  units  were  specially  made 
by  the.  Jet  Propulsion  Laboratory  based  on  K,  (I,  Harrison's  de..slj;n. 

The  t.elenxttcrs  utilize  an  ulc^a  stable  Colpitts  oscLllator 
operating  at  center  frequencies  between  106  -und  137  t'DIZ;  its  stabrlity 
was  fountl  to  be  0.5  percent  of  200  KHZ  for  a period  of  one  minute, 
iitc  oscillator  is  fr<  qucncy  modulated  by  the  ''ariable  capacitance-type 
pressure  transducer.  The  telemeter  assembly  consists  of  four  major 
componencs:  a printed  circuit  inductor,  variable  capacitancc-type 

differential  pressure  transducer,  battery  package,  and  all  olJier  cireuiL 
components  in  a microminiature  package  of  pcllet-typc  construction.  Tlie 
transducer  sensing  clement  is  a prestressed  thin  (0,00025  inch  thick) 
metal  diaphragm  soldered  over  tlie  reference  port  case  and  sep.irated 
elcctric.illy  from  the  pressure  port.  The  stress  level  of  tlie  diaphragm 
determines  the  sensitivity  of  tlie  u iic.  Tiie  diaphragm  and  ! he  Inner 
surface  of  tlie  pressure  port  form  the  variable  parallel  plate  capacitor. 
The  various  components  of  the  unit  were  rigidly  encap.sulated  in  epoxy 
potting  to  provide  thermal  isolation  and  shock  rc.sistapce. 

The  rise  time  of  file  prc-''.siire  telemeters  is  0.5  msec,  or  better, 
without  tubing.  Ttioir  tlicrmal  stability  was  reporct-d  to  be  g>)od. 
Harrison  found  that  a temperature  increase  of  lOO'^F  at  atinospheric 
pressures  produced  a 2.7  percent  increase  in  the  o.scillator  frequency 
and  0.1  percent  change  in  the  full  scale  sensitivity  calibration.  The 
temperature- t ime  lag  was  about  three  minutes,  ihero  were  little,  or 
no  changes  in  the  telemeter  performance  over  a temperature  range  of 
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30  to  200“f. 

Outhidu  .'ilmonalonb  ol  tliu  pressure  telemeter  unit  were  0.67 
inches  in  diameter  and  0.51  inches  in  length.  Tlie  achomatlc  diagram 
of  tlic  oscillator  circuit  i.s  shown  in  Figure  4 and  the  photograph  of 
a unit  is  sliown  in  Figure  5. 

For  ti\e.  detailed  performance  characteristics  and  construction  of 
these  units  the  reader  is  referred  to  Harrison's  ^■^port  (Keference  1). 

Instrumentation 

Figure  6 sliows  the  block  diagram  for  a single  <hannel  of  telemeter 
instrumentation.  Tlie  antenna  used  was  a 120  MHZ  lialE  wavelength  folded 
dipole.  Tlie  antenna  was  matched  to  the  coaxial  cable  using  a Blondci- 
Tongue  Model  Ki’-283  matching  Lransforttier . Two  Jerrold  Model  3440 
preamplifiers  were  then  used  in  cascade  to  obtain  at  least  40  db  gain 
for  driving  tine  Jerrold  Model  UT  22W  signal  tap-offs.  Four  of  th« 
tap-off-;  were  used  to  couple  the  input  signals  to  the  four  FM  receivers. 
Re  'ulting  Isolation  was  at  least  31  db  and  feed-thru  lo-  ses  wore  less 
than  0.25  db  fot  the  frequency  range  from  100  to  140  MHZ. 

The  tuners  used  are  the  s.ame  McIntosh  Model  KR71  typo  used  in 
Reference  1,  The  RF  and  oscillator  stages  of  those  timers  have  been 
modified  to  provide  reception  in  the  band  from  100  to  140  MiiZ.  The 
output  signal  is  taken  from  the  discriminator  test  jack.  At  this  point 
a typical  deviation  sensitivity  was  71  KHZ/volt  with  an  output  linearity 
of  +2  percent  over  the  range  from  -1.5  to  2,5  volts,  A Sorensen  Model 
ACRlOOO  AC  voltage  regulate’  was  used  to  maintain  tuner  line  voltages 
witliin  jW.l  percent.  Tuner  outputs  were  then  fed  into  four  Beckman 
Model  C-44  AmpLoxer  Amplifiers  which  in  turn  drove  the  600  HZ  type 
7-323  galvanometers  in  a C.E.C.  type  5-124  recording  oscillograph. 

The  aniplif icr-galvanometer  combination  gave  best  line  d.c.  linearities 
of  less  than  ^1  percent  of  two  Inches  deflection. 

Other  instrumentation  included  a Triplett  Mtdel  3432-A  signal 
generator  and  a Fairchild  Universal  Counter/’Iimer  Model  8200  used  in 
calibrating  the  FM  receivers.  Counter  error  amounted  to  less  than 
+3  KHZ  over  the  ICO  Co  1‘.0  MHZ  range.  In  addition  an  EIA  analog 
computer  Fiodel  TR  10  was  used  to  scale  and  divide  tuner  output  voltages 
to  obtain  a voltage  proportional  to  transducer  interaction,  The 
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illvlsion  circuit  uued  a "quarter-square,"  type  of  multiplier  In  Che 
feedback  circuit  of  a liigh-gain  amplifier.  The  overall  circuit  gave 
13.6  K/y  volts  out  within  +2  percent  for  outputs  less  chan  10  volts 
and  inputs  x and  y greater  chan  0.1  volts. 

Component  Calibration 

each  FM  receiver  was  calibrated  at  three  points  within  its 
frequency  range.  Because  a frequency  limitation  of  12.5  MHZ  in  Che 
available  counte’"  the  tuner.'i  were  calibrated  using  the  10th  and  12th 
harmotiics  in  the  signal  generator  output.  The  output  voltage  from 
the  discriminator  was  displayed  on  a digital  voltmocer.  With  zero 
discriminator  output  the  signal  generator  was  adjusted  to  give  a read- 
ing of  5 on  the  tuner  signal  strength  meter.  The  tuner  automatic 
frequency  and  muting  controls  were  left  In  the  off  positior.  A typical 
tuner  calibration  curve  exhibits  +2  percent  linearity  over  the  range 
from  -1.5  volts  to  2,5  volts  with  slope  values  repeatable  witliin  +2 
percent. 

The  galvanometer  drive  amplitlers  and  recording  oscillograph 
were  calibrated  as  a unit  and  show  typical  linearities  oi  less  than 
+1  percent  with  calibration  repeatability  within  +0.4  percent. 


TEST  PROCEDURES 


Telemeter  Calibration 


The  telemeter  units  were  placed  individually  in  a bell  jar  and 
allowed  to  stabilize  following  evacuation  of  tlie  system  Co  around  5p. 
absolute  pressure.  A block  diagram  of  the  calibration  system  is  shown 
in  Figure  6.  A sample  of  the  oscillograph  record  of  tlie  calibration 
data  is  shown  in  Figure  7 and  the  photograph  of  the  ovi rail  system  is 
shown  in  Figure  8.  The  reference  leak  rates  ;,'ere  .such  chat  about  5 
minutes  were  required  for  pressure  stabilization.  The  pres;:ure 
■neas  iring  system  was  then  zeroed  and  the  vent  valve  closed.  The  pre- 
cision leak  was  op''-  Jd  to  allow  the  associated  piping  volume  tc  bleed 
up  to  prassures  in  tlie  range  from  24  to  96  mm  relative  to  die  reference 
vacuum  system.  The  rougliing  valve  was  then  closed  and  the  vent  valve 
opened  giving  telemeter  differential  pressures  in  tlie  range  from  0.5 
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to  2.0  rran.  Owing  to  the  pipe  length  between  the  vent  valve  and  the 
bell  jar,  about  0.5  seconds  were  required  £ot  the  bell  Jar  preusure 
to  stabilize.  This  delay  resulted  in  a loss  of  calibration  trace 
deflection  amplitude  arising  from  the  reference  port  leak  rate. 

A correction  for  this  effect  was  determined  by  first  allowing  an 
Initial  telemeter  differential  pressure  of  about  2 min  to  decay  toward 
zero.  The  oscillograph  trace  of  the  decay  was  then  divided  into  a 
number  of  increments  and  the  slope  of  eacli  increment  tabulated  against 
an  average  deflection.  The  average  deflection  values  were  tlicn  super- 
imposed on  the  oscillograph  trace  of  the  pressure  calibration  step. 

The  intersections  of  these  points  with  the  calibration  curve  were  then 
extended  to  the  time  axis  and  each  time  Iricreroent  thus  formed  was 
multiplied  by  the  corresponding  slope  value.  These  Incremental 
corrections  were  then  graphically  integrated  up  to  the  time  correspond- 
ing to  tiuiximum  calibration  trace  deflection.  The  total  correction 
expressed  as  a percentage  of  the  maximnir  calibration  trace  deflection 
remained  essentially  independent  of  the  pressure  stop  nu'.gnitude. 

Interaction  for  Two  Telemeters  in  Close  Proximity 

Prelira'nary  telemeter  interaction  studies  were  made  under  atmos- 
pheric conditions  using  two  units  with  axes  spaced  from  0.68  to  1.44 
inches  apart.  A plastic  mounting  plate  was  used  to  hold  and  position 
the  transducers.  The  units  were  unshielded  and  were  powered  from  a 
common  mercury  battery  supply.  Figure  9 .shows  a block  diagram  of  the 
system  used.  The  analog  computer  was  used  to  provide  an  oscillograph 
deflection  proportional  to  the  scaled  ratio  of  the  outputs  from  the 
two  telemeter  channels. 

Interaction  for  Three  Telemeters  in  Close  Proximity 

Interaction  studies  were  next  made  under  atmospheric  conditions 
using  four  telemeter  units  located  within  the  calibraticn  model  which 
consists  of  a removable  t-sflon  cor  • surrounded  by  an  1/R  inch  Chick 
aluminum  skin  as  shown  in  Figure  10.  Tlie  axes  of  the  three  base  tele- 
meters were  on  a 0.78  inch  diameter  circle  (printed  circuit  antenna 
boards  0,06  inches  apart).  The  base  telemeter  center  frequencies  were 
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116,  125,  anJ  135  MHZ.  Ihe  fourth  telemeter,  located  Inside  the 
model  In  front  of  the  three  base  units,  had  a center  frequency  of 
108  KHZ.  After  obtaining  the  interaction  versus  pressure  relations 
the  model  was  placed  In  the  bell  Jar  and  calibrated  In  the  same 
manner  as  for  the  single  telemeter  case. 

RESULTS  AND  DISCUSSION 
Individual  Telemeter  Callbiation 

With  center  frequency  held  fixed,  sensitivities  for  the 
Individually  tested  telemeter  units  repeated  within  +6  percent.  In 
obtaining  these  sensitivities  the  output  data  from  two  FM  receivers 
were  considered. 

In  the  oas"  telemeters  #2  and  #4  the  sensitivities  calculated 
from  one  tuner  channel  arc  consistently  3 to  4 percent  tilgher  than 
Chose  obtained  from  Che  other.  This  indicates  a need  to  improve  the 
tuner  deviation  sensitivity  stability  with  time  and  temperature.  In 
addition  the  0.6  mm  presci-re  sensitivities  for  telemeters  #1  and  #4 
are  consistently  1 percent  to  3 percent  lower  than  the  average 
sensitivities  for  the  1.0  to  2.0  mm  range.  These  units  also  show  an 
apparent  diaphragn  overshoot  and  slow  return  to  zero  following  a 
pressure  pulse. 

The  variation  in  telemeter  senoltivity  with  frequency  is  shown 
in  Figure  11.  These  curves  Include  reference  port  leak  rate  corrections 
ranging  from  0.8  to  5.2  percent.  For  projected  future  use  the  errors 
associated  with  leak  rate  correction  will  be  eliminated  by  tying  the 
reference  ports  to  a closed,  common  reference  volume. 

A sec  of  theoretical  slopes  which  are  also  shown  in  Figure  11  are 
chose  obtained  from  the  relation  = ,.,^Vl^C^  where  it  is  assumed  that 
the  total  frequency  determining  capacitance  remains  constant  and 
only  the  inductance  is  varied  to  obtain  the  new  operating  frequency 
UJ^.  Under  these  conditions  the  sensitivity  variation  would  be  directly 
proportional  to  frequency.  This  simplified  procedure  seems  to  be  in 
fair  agreement  with  the  measured  result.  In  practice,  however,  the 
telemeter  center  frequency  was  increased  by  shunting  an  increa.sing 
portion  of  Che  printed  circuit  inductor  with  a fine  wire.  This 
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technique  apparently  caused  enough  variation  in  stray  capacitance  to 
significantly  change  C^.  This  effect  could  also  account  for  some  of 
the  sensitivity  variations  observed  in  repeat  calibrations. 

Interaction  for  Tv/o  Telemeters 

For  the  case  of  two  transducers  In  close  proKimity  Figure  12 
shows  the  Interaction  variation  with  center  frequency  spacing.  Figure 
13  shows  the  generally  large  Increase  in  interactions  obtainci  for 
decreasing  telemeter  separation.  A typical  oscillograph  trace  snowed 
these  interaction  magnitudes  to  be  essentially  independent  of  the 
pressure  differential  across  the  disturbed  transducer.  For  values  of 
interaction  below  about  1 percent  the  effects  of  tuner  and  telemeter 
zero  drift  produced  masking  errors  in  the  division  circuit  output.  In 
this  case  a more  repeatable  value  was  obtained  by  taking  ratios  of 
peak-to-peak  deflections  from  the  separate  channel  traces. 

The  use  of  separate  power  supplies  and  shielding  reduced  the 
interactions  somewhat  but  not  as  significantly  as  increased  center 
frequency  spacing.  In  addition  Che  more  effective  .shielding  geometries 
reduced  the  signal  strength  and  produced  large  detuning  oiitput-s  for 
very  small  relative  motions  between  the  shield  and  telemeter.  In  the 
unshielded  case  there  are  also  largo  proximity  detuning  effects  as 
shown  in  Figure  14, 

Interaction  for  Three  Telemters 


If  several  telenv?*‘'rr  units  are  sufficiently  far  apart  the  Inter- 
action effects  between  them  may  be  neglected  and  the  measured  pressures 
regarded  as  true  values.  On  the  other  hand,  if  the  interaction  effects 
are  not  negligible,  and  such  Is  the  case  in  the  present  study,  the 
measured  pressures  will  be  linear  functions  of  Che  interaction  between 
the  transducer- telemeter  units  in  Che  model. 

In  the  general  case  the  corrected  pressures  would  have  to  be 
obtained  from  the  simultaneous  solution  of  the  following  equations; 


p api  4-P'r  +PI  + 

U ^1  11  ^ n3 


P=P1  +PI  +PI 
*^2  I 21  *^2  ^22  3 ^23 


P«PT  ^PT  ^PT  4*. 

*^3  n ^31  *^2  ^32  *^3  33  


**J  “ **1  ^J1  ■‘‘  **2  ^Jk  ■‘‘ 


where  P^  j “ I ...J  are  the  uncorrected  measured  pressures,  arc 

the  actual  (or  corrected'^  pressures,  and  1^^^  are  the  Interaction 

coefficients  with  I,,  = 1 for  1 =■  k. 

jk 

In  tie  present  study  three  telemeter  units  were  installed  in  the 
calibration  model  base  area  and  a fourth  telemeter  was  located  Inside 
the  model.  Ttie  fourth  unit  showed  no  measurable  Interaction  with  the 
throe  ba^;e  units.  flie  measured  interactions  for  the  base  telemeters 
ranged  from  -2.0  to  4.3  percent.  In  some  cases  the  percentage  inter- 
actions varied  with  pressure.  Under  these  conditions  the  Interaction 
components  were  obtained  from  curves  of  pressure  versus  percent  inter- 
action. 

Measurements  conducted  in  the  calibration  system  between  lIic  O.S 
to  2 mm  Hg  range  showed  that  maxlmuio  errors  in  the  interaction  correct- 
ed pressure  varied  from  -l.'j  to  4.3  percent.  Since  in  this  case  all 
the  units  measured  known  calibration  pressures  the  general  equations 
could  be  simplified  and  the  corrected  pressures  were  obtained  from 
the  relations: 

p =>p^-pfl  +i  ) 

*^1  1 ^12  ^13-^ 


^2  " ^2  ■ ^ (T21  + ^23^ 


^3  ~ ^3  ■ ^ ^^31  ^32^ 


where 


P is  the  known  input  pressure. 

The  fact  that  errors  exist  between  the  corrected  pressure  calculation 
and  the  known  input  pressure  points  out  the  need  for  greater  absolute 
accuracy  in  the  measurements  before  testing  the  general  case. 

CONCLUSIONS  AND  RECOMMENDATIONS 

An  attempt  has  been  made  to  evaluate  systematically  the  effects 
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of  close  proximity  on  simultaneously  operating  transducer- telemetry 
packages.  The  techniques  of  calibration,  instrumentation  and  inter- 
action data  evaluation  are  applicable  to  similar  systems  inveatigationa . 

Perhaps  the  most  significant  result  is  the  demonstration  that 
several  of  tiio  transducer-telemetry  units  can  function  together  in 
close  proximity  and  yield  useful  results  even  fcfithout  applying  Inter- 
action corrections.  The  uncorrected  data  exhibit  maximum  errors  of 
^ percent  for  the  pressure  range  of  0.3  to  2 mm  Hg  for  center 
frequency  spread  between  the  units  of  7 MHZ  or  larger.  It  was  also 
shown  that  beyond  this  value,  further  spread  apparently  will  not  result 
in  much  less  interaction  since  beyond  this  point  the  interaction  curves 
show  rather  slow  convergence  toward  zero.  In  very  close  ptuximity  the 
Interaction  increases  approximately  as  the  inverse  square  of  the 
distance.  Maximizing  the  size  of  the  model  would  be  an  effective  way 
to  reduce  interaction.  If  one  must  cope  with  the  interaction  problem 
due  to  limited  model  size,  It  is  belle  ed  that  the  interaction  matrix 
method  suggested  in  the  present  paper  will  yield  useful  data  within  a 
few  percent  depending  on  the  accuracy  of  calibration.  This  is  a great 
improvement  from  the  uncertainties  of  reported  base  pressure  results 
in  the  literature  (for  example,  Muntz,  et  al,  (Reference  3)). 

The  further  miniaturization  of  the  electronic  circuitry  and  the 
addition  of  buffer  circuits  promises  further  reduction  or  perhaps 
elimination  of  the  interaction  problem. 
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Figure  7 - View  of  Complete  Calibration  System 


1 


P 

u y- 
I't  ^ 


CMPOte  AMTCMNA,  f,>  120  MHl 


matching 

TRAf6F0mtCR 


PNEAMPUFItRS 


TELtMETRV  PACKAGES 
(SPACING  4 
AW)  • VARIEOI 


RCCONOINC 

OSOLLOOMPH 


FM 

RCCCIVEn 


SIONAU  TAP-OFF 
AM)  ISOLATION 
NETWORKS 


FU 

RECEIVE  H 


r I 


G.U.VANOMETER 

DRIVER 

AMH.IFSN 


ANALOG 

COMPUTER 


Figure  8 - System  for  Interaction  SCud'es 
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Figure  11  - Variation  o£  Telemeter  Sensitivity  with  Frequency 
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Figure  12  - Interaction  as  Function  of  Center  Frequency  Spacing 


